In experiments on 8 healthy young male volunteers, the ingestion of a large meal was found to cause plasma osmolality to rise from 288.8 + 0.8 (mean + s.e. mean) to 295.6 + 0.9 mmol/kg at 4 hours (P <0.001). There was an accompanying rise in plasma sodium (Na) from 141.9 + 0.8 to 144.6 + 0.8 mmol/l, also at 4 hours (P < 0.01), but little change in other plasma electrolytes. Serum total amino acids rose slightly, non-esterified fatty acid fell minimally and changes in blood glucose concentrations were unremarkable. Thirst was experienced at plasma osmolality of 294.8 + 0.7 mmol/kg. Repeating the experiment either without food, or with the salt content of the meal only, was without effect on plasma Na, other solutes or osmolality. Postprandial hypersomolality and hypernatraemia is probably due to movement of water from the vascular compartment to the gut, or into cells. Plasma osmolality is best measured in the fasting state.
Introduction
In health, plasma osmolality is tightly controlled by well-defined homeostatic mechanisms (Baylis 1983) . We postulated, however, that absorption of solutes produced within the gastrointestinal tract after large meals, by digestion of food, might increase plasma osmolality. This paper reports our investigation of this hypothesis. Relative hyperosmolality after meals was confirmed, but it appeared to be due to net loss of water from the extracellular fluid (ECF), rather than the addition of absorbed exogenous 'osmoles' to the ECF.
Methods
Food experiment: On the morning of the experiment, indwelling venous cannulae were inserted in 8 healthy young males. They were fasting and had drunk no alcohol the previous night. Blood samples were withdrawn hourly between 09:00 and 13:00 hours for plasma sodium (Na), potassium (K), osmolality, urea, creatinine, water and non-esterified fatty acids (NEFA), serum total aminoacids (TAA), inorganic and organic phosphate, and blood glucose (BG). Between 09:00 and 09:30 a large English breakfast was eaten, consisting of cereals, milk, sugar, egg, bacon, sausage, baked beans, bread, butter and coffee. The dietetic composition was 1100 calories, 92 g protein, 92 g carbohydrate, 63 g fat and 3.7 g sodium chloride (NaCl). The fluid content (milk and coffee) was 400 ml, and after the meal no further food or liquid was taken.
Fasting control: On a separate day the experiment was repeated without the meal. The same fluid content of the original breakfast (400 ml) was allowed as black unsweetened coffee, again between 09:00 and 09:30 hours.
Salt control: A second control study was performed on another day to exclude-ingestion of NaCl as a cause of the previously demonstrated postprandial hypernatraemia. Experimental design was-identical. Only 6 of the original 8 volunteers could be studied, and only plasma Na and osmolality were measured. The original meal contained 3.7 g NaCl (63 mmol), so in this 'Accepted 27 June 1985. Correspondence to PHB experiment each subject was given 12 x 300 mg (3.6 g) of rapidly dispersable NaCl tablets (62 mmol). Absorption of NaCl from a large meal would not be immediate, therefore four tablets (1.2 g) were given at 09:00, 10:00 and 11:00 hours. As in the fasting control study, 400 ml of fluid were allowedtaken as water with the salt tablets.
Laboratory methods: Plasma osmolality was measured by freezing point depression (Advanced Instruments Research Osmometer, Model 3R, USA). Plasma Na, K, urea and creatinine were measured by standard automated laboratory methods. Blood glucose was measured by an automated fluorimetric method (Lloyd et al. 1978) and plasma NEFA by a radiochemical method (Ho & Meng 1969) . Plasma water was determined by refractometry, and serum TAA as alanine equivalents (Brown 1968 ). Total serum phosphate was analysed by the method of Kaliser (1975) . Inorganic phosphate was measured by a standard laboratory automated method, and organic phosphate was calculated as the difference between total and inorganic phosphate.
Statistics: Mean values for each parameter at individual times after the meal were compared with basal time 0 value by using Student's paired t test.
Results
Plasma osmolality rose sharply from 288.8 + 0.8 (mean + s.e. mean) at time 0 hours, to 292.4 + 0.7 at 1 hour; and less steeply to 295.6 + 0.9 mmol/kg at 4 hours ( Figure 1) . The values at 1, 2, 3, and 4 hours were all significantly greater than at time 0 (P <0.001). Plasma Na rose more gradually from 141.9 + 0.8 at time 0 to 144.6 + 0.8 mmol/l at time 4 hours. The values at 2 and 4 hours were significantly greater than at time 0 hours (P <0.01), and also at times 1 and 3 hours (P <0.05). During the food experiment all subjects felt some degree of thirst at approximately 3 hours after the meal. Basal levels of plasma Na and osmolality differed slightly (within the reference range) for the fasting and salt controls, but there was no significant change in either parameter during these studies. Figure 2 shows changes in BG, plasma NEFA and serum TAA after food, compared with the fasting control. The rise in BG from 5.2 + 0.2 at time 0 to 5.4 + 0.3 at 1 hour was insignificant, but BG fell thereafter to 4.4 + 0.3 mmol/l at 4 hours. Plasma NEFA fell after food, and rose slightly in the fasting control. Serum TAA showed a small, but consistent and significant rise after food (420± 10 at time 0 and 499+11 umol/l alanine equivalents at time 4 hours; P<0.025). Table 1 lists the results of other measured parameters after food and in the fasting control. All were unremarkable apart from plasma K, which rose slightly but significantly in both the food and fasting studies.
Discussion
These studies demonstrate a mean rise of 6.8 mmol/kg in measured plasma osmolality, and 2.7 in plasma Na, in the 4 hours after ingesting a large meal. Predicted plasma osmolality can be calculated from the formula pOsm = 2 [Na + K] + [urea] + [glucose], which [ ] denotes millimolar concentrations in plasma (Flear et al. 1981 ). The predicted rise, using this calculation, is 5.9 mmol/kg. It thus appears that the relative hyperosmolality is determined principally by the increase in plasma Na. There are three major mechanisms which may explain these results.
Osmolar shift of water into the gut: Digestion generates large amounts of small molecular weight solutes from the foods eaten. Before absorption, these solutes increase the osmolality of the aqueous intestinal 'slurry' (Mogard & Nylander 1982) , often to levels in excess of the ECF. Net shift of water from body fluids into the gut will thus occur, and osmolality and Na concentration of the ECF, including plasma, would increase. This movement of water from the ECF (and plasma) into the bowel is analogous to the surgical 'dumping' syndrome. Absorption of 'osmoles'from the gut: A variety of osmotically active substances are absorbed after a large meal. Their effect on plasma osmolality and Na concentration depends on their distribution throughout body fluids. To clarify this supposition, in our experiments we measured BG, plasma NEFA and serum TAA, which we regarded as osmotically active substances derived from carbohydrate, fat and protein foods. If the solutes were to distribute mainly in the ECF, plasma osmolality would rise, but the osmotic gradient so induced across cell membranes would cause movement of water into the ECF, and a fall in plasma Na; this was not observed to occur. Moreover, the measurements of BG, plasma NEFA and serum TAA did not support their contribution to the. measured rise in plasma osmolality. Thus, there was no significant rise in BG and plasma NEFA was suppressed after food (Figure 2 ). Both happenings presumably resulted from normal postprandial insulin secretion (Nosadini et al. 1982) . Serum TAA rose significantly after food, but only by a mean 79 umol/l alanine equivalents -an amount which would have been osmotically insignificant.
If absorbed solutes were distributed through all body water, then no osmotic gradients would be established. Again, plasma osmolality would rise, but plasma Na would remain unchanged. This did not occur.
If the solutes absorbed from the gut selectively accumulate in body cells, the resulting osmotic gradient would cause a net shift of water from the ECF into cells, elevating ECF (and plasma) osmolality and Na concentration. However, such accumulating solutes are likely to be converted into osmotically inactive macromolecules (lipids, glycogen, protein, etc.) , and plasma osmolality and Na will only rise if such conversions do not keep pace with intracellular solute accumulation.
A final possible solute which could account for our observed changes is sodium chloride itself, absorbed from the gut: Plasma changes induced will also be affected by the distribution and excretion of absorbed sodium. For these reasons the 'salt control' studies were performed, which demonstrated no significant rise in plasma sodium or osmolality after ingestion of the same amount of NaCl as was present in the original breakfast. This control study was admittedly performed fasting, and it is known that glucose may augment NaCl absorption in the gut (Turnberg 1978) . However, the effect is unlikely to be large with a such relatively big salt load, and also any addition of glucose to the salt tablets would have caused simultaneous intraluminal volume and osmolality changes, which would also have affected salt absorption. Moreover, we have previously noted (unpublished observations) that 24Na is absorbed as rapidly after overnight fasting as when breakfast is eaten. Osmolar shift of water into cells in response to generated intracellular solutes: Finally, the postabsorptive state stimulates the metabolic generation of solutes within cells. This in itself could cause a shift of water from the ECF into cells, resulting in elevations of ECF and plasma Na and osmolality. Interestingly, Felig and colleagues (1982) suggested this mechanism for the mild but significant hypernatraemia associated with maximal exertion. Although this is a difficult hypothesis to prove or disprove, our data are not inconsistent with this mechanism.
The situation is complex and dynamic and more than one of the above possibilities may operate. We believe that our data support either (1) movement of water from the ECF into a hyperosmolal gut lumen, or (2) accumulation or generation of solutes within cells, as likely causes of the observed postprandial hyperosmolality and hypernatraemia. There need be no alterations in cell membrane permeability to account for our observations; hence there would not be a redistribution of normally constrained intracellular osmoles, such as organic phosphate (Flear & Singh 1973) , and indeed this did not alter in our experiments (see Table 1 ). Percentage plasma water content, measured by refractometry, also did not change, probably because of a fall in plasma volume as well as water content after food.
Finally, we noted a small but significant increase in plasma K during both food and fasting experiments. This probably represents a normal diurnal variation which has been previously described independent of dietary factors (Moore-Ede et al. 1q75). One important practical implication of these studies is that plasma osmolality should ideally be measured fasting, due to the appreciable rises observed following food ingestion.
